Burkholderia pseudomallei is isolated frequently from the soil in regions where the disease melioidosis occurs. However, recent surveys in Thailand have shown that the frequency of isolation of the organism from soil samples is not directly related to the incidence of melioidosis in an area. To determine whether strain populations of B. pseudomallei prevalent in soil are gentypically related to strains causing clinical disease, rFWA Bam HI restriction fragment length polymorphisms (RFLP) of 139 soil environmental isolates and 228 human isolates were compared. Two groups of ribotype patterns were found. Group I comprised 37 different ribotype patterns which were characterised by five to eight hybridisation bands of 2.8-> 23 kb. All of these ribotypes were identified among the clinical isolates, and 18 of them were also found in 59 environmental isolates. Group I1 was represented by 12 ribotypes found only in environmental strains. These ribotype patterns comprised one to five bands in the size range 9-> 23 kb. All but one of the 73 isolates in this group grew on a minimal medium supplemented with L-arabinose. In contrast, only 3% of the 66 isolates from the environment with group I ribotype patterns could utilise this sugar as their sole energy source. These findings suggest that B. pseudomallei strains that utilise arabinose constitute a population that is genetically distinct from other environmental and clinical strains.
Introduction
Melioidosis is an infection caused by Burkholderia pseudomallei. Despite the apparent ubiquity of B. pseudomallei in the soils of endemic areas of Southeast Asia, there is great variability in the incidence of melioidosis in different regions [l] . This may be due to host susceptibility related to conditions such as diabetes mellitus, a well recognised risk factor [2], and differences in occupational exposure to the organism. Differences in bacterial virulence might also contribute to the geographic distribution of melioidosis.
A recent study by Wuthiekanun et al. [3] suggests that although clinical and environmental isolates of B. pseudomazlei from Thailand are morphologically similar and antigenically indistinguishable, two populations of the species are revealed by extended biochemical testing. They identified two different biotypes of B. pseudomallei that were characterised by two phenotypes based on their ability to utilise the sugar L-arabinose as a sole energy source for growth. This study suggested that the biotype differences are associated with the disease-producing potential of the bacteria for man as arabinose positive (ara+) isolates were found exclusively in the environment and not from patients with melioidosis, while ara-isolates were isolated from both man and the environment. The question arises as to whether these varieties of B. pseudomallei are genomically related or show sufficient differences to warrant further investigation of species identity. Therefore, the variation in rRNA gene loci of isolates of both phenotypes was examined to determine their degree of genetic relatedness.
Materials and methods Results

Bacterial isolates
A total of 367 isolates of B. pseudomallei was examined; 139 isolates were from the environment (133 soil, five water, one manure) and their details including sites and geographical origin are given in Table 1 . All but 20 of the environmental isolates were from Thailand; the non-Thai isolates originated from nine different countries. The remaining 228 isolates were from a collection of strains from cases of human melioidosis worldwide, the great majority of which were from Southeast Asia.
All isolates were presumptively identified as B. pseudomallei by their reaction with Gram's stain and colony morphology on Ashdown's selective medium, production of oxidase and resistance to gentamicin (10 pg disk) and colistin (10 pg) [4] . Species identity was confirmed by API 20NE profiles (bioMerieux, Marcy, France). Arabinose utilisation was determined by growth on minimal salts agar [5] containing Larabinose 0.2%. Ethanol assimilation was tested by the growth of isolates and production of acid on ethanol 1% in an ammonium salts based medium [6] .
Ribowping
Ribotyping of isolates was performed as described by Kaufmann et al. [7] . Chromosomal DNA was extracted with guanidium thiocyanate from the 48-h growth on nutrient agar and digested with Barn HI restriction endonuclease. The DNA fragments were separated by electrophoresis in agarose gel and transferred to a nylon membrane. The membrane was treated with a biotin-labelled cDNA of rRNA from Escherichia coli (Boehringer Mannheim, Germany) and DNA hybridisation bands were visualised colorimetrically with the BlueGene kit (Gibco-BRL, Uxbridge). The migration distance of each DNA band on the membrane was measured manually and molecular size was calculated with reference to bacteriophage lambda DNA digested with Hind111 and labelled with biotin (Gibco-BRL 
Statistical test
Associations between the source of isolates, their ribotype group and utilisation of substrates for growth were tested for statistical significance by the x2 test.
The migration distance of each rDNA hybridisation band was measured for all isolates of B. pseudomallei from clinical melioidosis and the environment, and their molecular size was calculated with reference to lambda markers. Among the 228 human isolates, 15 distinct band positions were identified, ranging in size from 2.8 to > 23 kb; most isolates were characterised by three to eight bands, and a total of 37 different patterns were distinguishable by visual comparison (Fig. 1) . These patterns were termed group I, and 18 of them were also found among 59 of the 139 environmental isolates examined. Seven isolates from the environment had unique ribotypes not found among human isolates and correspondingly 18 human isolates had unique ribotypes that were not found amongst the environmental isolates. Two individual ribotype patterns (types 1 and 3) predominated in both clinical and environmental isolates in group I (Table 2) .
A second group of ribotype patterns was recognised exclusively in environmental isolates. This group was characterised by one to five bands in the size range 9->23 kb ( Fig. 1 ) and only one band position coincided with the 15 bands on which the 37 patterns in group I were based. At least 12 different patterns formed this group I1 and were distinguished from group I ribotypes by the prefix A (Table 2) . Three patterns predominated among the 73 isolates represented by 8, 27 and 10 isolates, respectively, and the DNA of 11 isolates was not digested by Bam HI. Fig. 1 shows that cluster analysis of pair-wise comparisons of ribotypes within group I revealed an overall similarity of 62% and most of these patterns differed by two or more band positions. However, groups I and I1 ribotype clusters were only 25% related to each other. On the basis of simple matching for the presence or absence of a particular band in the gel track, group I1 isolates were markedly unrelated to each other and a percentage similarity as low as 30% was required to group the five isolates together. This was due in the main to the fact that only eight band positions were identified within group I1 ribotypes and despite their limited size distribution, many isolates differed from each other by three to four bands. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68 
Discussion
This study clearly shows the presence of two phylogenetically different populations among isolates that were identified by standard tests as B. pseudomallei. Approximately half of the isolates from soil specimens were of ribotypes similar to those from patients with melioidosis but were markedly different from other environmental isolates. These two ribotype groups also differed in their ability to assimilate arabinose and ethanol.
B. pseudomallei is genomically heterogeneous with respect to rRNA genes and ribotype patterns can be allocated to nearly all strains. Lew and Desmarchelier [9] found 22 patterns among 100 isolates of B. pseudomallei from Australia and Southeast Asia and described a similar distribution of hybridisation band sizes to some of the ribotypes described here; however, there is no correspondence between the two numbering systems. In their study, only six environmental isolates from Australia (four soil, two water) were studied and these were grouped in three ribotypes, each of which contained strains from human or animal melioidosis.
It is evident from sequence data that restriction fragment length polymorphisms of rRNA gene provide valuable taxonomic information by which bacteria can be classified. At the species level, these sequences are sufficiently conserved that differences within them often reflect intra-species variation or types. The results obtained here suggest that some environmental organisms classified as B. pseudomallei by conventional biochemical and cultural tests are distinguishable from the isolates associated with disease by their ribosomal operons. These genomically atypical isolates are not uniform in ribotype although c. 60% fell into three ribotypes only.
B. pseudomallei is an environmental saprophyte that has been isolated widely from soil and water in Southeast Asia [ 10, 111. The environment has been suggested as an important source for acquisition of the organism by patients, and this is supported by the finding of similar strain genotypes in isolates from both environmental and clinical sources. However, the relationship between environmental contamination and clinical melioidosis has not been established and it is not known whether an association exists between the distribution of types of B. pseudomallei in the environment and clinical presentations of melioidosis.
Species of the genus Burkholderia are distinguished from those of Pseudomonas by their cellular lipid and fatty acid composition, 16s rRNA sequences, DNA-DNA homology values and phenotypic characteristics [ 121. At least 10 different species have been classified within the genes Burkholderia, and these range from strict plant pathogens (e.g., B. solanocearum) to species of medical interest such as B. cepacia [13] . B. pseudomallei may be confused with B. cepacia, as both exhibit relatively similar biochemical test results and have intrinsic -resistance to polymyxin and gentamicin. The study by Wuthiekanun et al. [3] clearly showed that ara+ isolates of B. pseudomallei are not B. cepacia and they do not differ sufficiently in biochemical activity from B. pseudomallei to warrant their classification in another species by this criterion alone. However, the evidence presented here appears to be inconsistent with a single species concept. Therefore, it will be necessary to examine environmental and human isolates of both ribotype groups further for their 16s rRNA sequence similarity and other properties to elucidate their taxonomic status and its relationship to pathogenicity. Furthermore, the significance of arabinose and ethanol utilisation by clinical strains of B. pseudomallei is not known, but they may prove to be potential markers of pathogenicity.
